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Abstract

Background. Migraine is one of the most common neurological disorders and has a significant
impact on patients’ quality of life. In recent years, growing attention has been directed toward
targeted therapies focused on the calcitonin gene-related peptide (CGRP) pathway, which

represent a novel option in migraine prevention.

Aim. The aim of this study was to present the current state of knowledge regarding the use
of monoclonal antibodies targeting CGRP in migraine prevention, with particular emphasis
on their mechanisms of action, clinical efficacy, and safety profile.

Materials and methods. A narrative literature review was conducted using the PubMed

and Scopus databases. Publications from recent years were included, encompassing original
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studies, systematic reviews, and meta-analyses addressing anti-CGRP monoclonal antibody
therapy in migraine treatment.

Results. Available evidence indicates that monoclonal antibodies targeting the CGRP pathway
effectively reduce the number of migraine days and improve patients’ quality of life, including
in individuals who are resistant to previous preventive therapies. Sustained therapeutic effects
have also been observed in long-term follow-up. These therapies are characterized
by a favorable safety profile, with adverse events typically being mild in nature. However,
the available findings remain partly heterogeneous, and data concerning specific patient
populations are still limited.

Conclusions. Anti-CGRP monoclonal antibodies represent an effective and well-tolerated
option for the preventive treatment of migraine. Their use may significantly improve disease
control, particularly in patients with an inadequate response to previous therapies. However,

further studies are required to evaluate long-term safety and to optimize therapeutic strategies.

Keywords: migraine, CGRP, monoclonal antibodies, migraine prevention, erenumab,

fremanezumab, galcanezumab, eptinezumab.

1.Introduction

Migraine is one of the most common primary headache disorders of neurological origin.
It is characterized by recurrent episodes of headache that may be accompanied by a range
of associated symptoms, including nausea, vomiting, and hypersensitivity to sensory stimuli
such as light and sound (Ashina, Katsarava, et al., 2021; Imai & Matsumori, 2024). Migraine
attacks may vary in intensity and duration; however, in many cases they lead to a significant
impairment of daily functioning (Pescador Ruschel & De Jesus, 2026).

The diagnosis of migraine is primarily based on clinical criteria defined
in the International Classification of Headache Disorders, 3rd edition (ICHD-3), developed
by the International Headache Society. According to this classification, several forms of the
disease are distinguished, the most common being migraine without aura and migraine with
aura. Inthe latter, transient neurological symptoms precede the onset of headache, most
commonly visual disturbances, and less frequently sensory symptoms or speech disturbances
(ICHD-3, 2018). Clinical studies also indicate that the course of migraine may vary
considerably between patients, both in terms of attack frequency and the severity of associated

symptoms (Torres-Ferrus et al., 2020).
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Migraine represents a significant health problem with substantial epidemiological
impact. It is estimated to affect approximately one-seventh of the population, making it one
of the most common neurological disorders (Dong et al., 2025). It occurs considerably more
frequently in women than in men, which is partly attributed to the influence of hormonal factors
on the development and course of the disease (Tsai et al., 2022). The highest prevalence
is observed in individuals of working age, particularly between 20 and 54 years, which
translates into a significant social and economic burden. Studies conducted in European
headache centers indicate that a substantial proportion of patients experience frequent migraine
attacks requiring preventive treatment (Dong et al., 2025; Pozo-Rosich et al., 2021).
At the same time, in some patients, currently available preventive therapies are either
ineffective or limited by adverse effects (Buse et al., 2023; Pozo-Rosich et al., 2021).

Despite the availability of multiple therapeutic options, there remains a need for further
evaluation of the efficacy and safety of novel targeted therapies, including anti-CGRP
monoclonal antibodies, particularly in the context of long-term data and treatment-resistant
populations. The aim of this study was to present the current state of knowledge on the use
of monoclonal antibodies targeting CGRP in migraine prevention, with particular emphasis

on their mechanisms of action, clinical efficacy, and safety profile.

2. Research materials and methods

A narrative literature review was conducted using the PubMed and Scopus databases to
identify relevant publications on the use of monoclonal antibodies targeting the calcitonin gene-
related peptide (CGRP) pathway in migraine prevention. The search included studies published
from January 2020 to March 2026. The following keywords and their combinations were used:

99 ¢¢ 99 ¢¢

“migraine,” “CGRP,” “calcitonin gene-related peptide,” “monoclonal antibodies,” “erenumab,”

99 ¢

“fremanezumab,” “galcanezumab,” “eptinezumab,” “migraine prevention,” “efficacy,” and
“safety.”

The inclusion criteria comprised original research articles, systematic reviews, narrative
reviews, and meta-analyses published in English that addressed the efficacy, safety,
or mechanisms of action of anti-CGRP monoclonal antibodies in migraine treatment. Both
clinical studies and real-world evidence analyses were considered. Articles not written
in English, opinion pieces, conference abstracts, and studies with insufficient methodological

information or without available full text were excluded from the analysis.
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3. Research results

3.1. Pathophysiology of migraine and the role of CGRP

The mechanisms underlying migraine are complex and involve the interaction between
components of the nervous system and vascular processes. A key role in the generation
of a migraine attack is played by the trigeminovascular system, which is responsible for
transmitting pain signals from the meninges to the central nervous system. Activation
of trigeminal nerve fibers leads to the release of various neuropeptides, including calcitonin
gene-related peptide (CGRP), substance P, and neurokinin A (Kuburas & Russo, 2023;
Pescador Ruschel & De Jesus, 2026). These substances influence both vascular tone and
inflammatory processes. Their action leads to vasodilation and increased vascular permeability,
a phenomenon referred to as neurogenic inflammation (Pescador Ruschel & De Jesus, 2026).

CGREP is one of the key mediators involved in the pathophysiology of migraine. It is
present in the trigeminal ganglion and plays an important role in the functioning of the
trigeminovascular system. Released from trigeminal neurons, CGRP acts as a potent vasodilator
and is also involved in the transmission of pain signals and the amplification of inflammatory
processes (Kuburas & Russo, 2023; Wattiez et al., 2020). An important component of the CGRP
pathway is its receptor, which consists of the calcitonin receptor-like receptor (CLR) and
receptor activity-modifying protein 1 (RAMP1). The interaction between CGRP and its
receptor plays a crucial role in pain transmission and in the enhancement of inflammatory
processes within the trigeminovascular system (Wattiez et al., 2020). Sensitization processes
also represent an important aspect of migraine pathophysiology. The involvement of CGRP in
neurogenic inflammation may lead to peripheral sensitization of nociceptors, while its activity
within the central nervous system is associated with increased sensitivity to sensory stimuli,
contributing to the persistence of pain (Wattiez et al., 2020).

The role of CGRP in migraine pathophysiology is further supported by clinical data.
It has been demonstrated that its concentration significantly increases during a migraine attack
compared to the interictal period and subsequently decreases following the resolution
of headache (Kamm et al., 2025). Additional evidence indicates that administration
of exogenous CGRP may trigger migraine attacks in patients with migraine and may also
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be associated with the occurrence of aura symptoms. These observations highlight
the importance of this neuropeptide not only in the generation of pain but also in shaping
the overall clinical presentation of a migraine attack (Al-Khazali et al., 2023). Understanding
the role of CGRP in migraine mechanisms has enabled the development of targeted therapies
that block the activity of this neuropeptide or its receptor. This approach represents a significant
breakthrough in the preventive treatment of migraine and defines new directions for
the development of therapeutic strategies (Ashina, Goadsby, et al., 2021).

3.2. Mechanism of action of anti-CGRP monoclonal antibodies

Monoclonal antibodies targeting CGRP represent a modern form of targeted therapy,
whose therapeutic effect results from the selective inhibition of the CGRP pathway, which plays
a key role in the pathogenesis of migraine (Cohen et al., 2022). Their mechanism of action is
based on neutralizing CGRP activity either by binding the peptide itself or its receptor, leading
to the interruption of pain signal transmission within the trigeminovascular system (Muddam
et al., 2023). Depending on the molecular mechanism, two main modes of action can be
distinguished: binding of the CGRP ligand by monoclonal antibodies (fremanezumab,
galcanezumab, eptinezumab) and blockade of the CGRP receptor by erenumab, thereby
preventing its activation. Inhibition of the interaction between CGRP and its receptor results in
a reduction of neurogenic inflammation and a decrease in vasodilation, both of which play an
important role in the development of migraine pain (Cohen et al., 2022). Furthermore, CGRP
blockade affects the function of sensory neurons within the trigeminovascular system, reducing
their excitability and limiting the transmission of pain signals to the central nervous system
(Aditya & Rattan, 2023).

Due to their large molecular size, these antibodies have limited ability to cross
the blood-brain barrier; therefore, their effects are primarily exerted in peripheral structures
(Gonzélez-Hernandez et al., 2020). The main sites of action include the trigeminal ganglion,
the meninges, and meningeal blood vessels, which play a key role in the generation of pain
signals (Cohen et al., 2022). An important effect of these agents is the modulation
and normalization of peripheral sensitization, leading to reduced hypersensitivity to pain
stimuli (Manganotti et al., 2024). Preclinical studies further indicate that CGRP blockade
affects the activity of pain-transmitting nerve fibers, particularly through selective inhibition of
AJd fibers, resulting in reduced pain transmission (Cohen et al., 2022). Anti-CGRP monoclonal

antibodies are characterized by high specificity and strong affinity for their molecular target,
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enabling selective modulation of the CGRP pathway with a low risk of off-target effects
(Muddam et al., 2023).

Their pharmacokinetic properties differ from those of conventional drugs, as these
antibodies are not subject to hepatic metabolism or renal excretion but are primarily eliminated
via the reticuloendothelial system, which is associated with a low risk of drug—drug interactions
(Cohenetal., 2022; Muddam et al., 2023). Elimination of monoclonal antibodies occurs mainly
through proteolytic catabolism, while the neonatal Fc receptor (FCRn) protects IgG from
lysosomal degradation and mediates its recycling, thereby prolonging its half-life (Pyzik et al.,
2023). The long half-life (27-31 days) allows for administration in monthly or quarterly dosing
regimens, supporting the maintenance of a stable therapeutic effect (Barnes et al., 2025).
Treatment with anti-CGRP monoclonal antibodies leads to a significant reduction
in the number of migraine days and improves the effectiveness of acute treatment,

as demonstrated in real-world studies (Rosignoli et al., 2024).

3.3 Characteristics of available therapies

Currently used and recommended monoclonal antibodies targeting the CGRP pathway
for migraine prevention, according to the European Headache Federation (EHF), include
erenumab, fremanezumab, galcanezumab, and eptinezumab (Sacco et al., 2022). Individual
agents differ in their mechanisms of action, routes of administration, and dosing regimens,
which is of significant importance in clinical practice (Hu et al., 2022; McAllister et al., 2022;
Sacco et al., 2022).

Erenumab is the only monoclonal antibody that targets the CGRP receptor (Ashina,
Goadshy, et al., 2021). It is administered subcutaneously on a monthly basis (Reuter et al.,
2022). Clinical studies highlight its distinct adverse event profile compared with antibodies that
neutralize the CGRP ligand, which may be relevant for individualized treatment selection
(Dodick et al., 2025).

Fremanezumab and galcanezumab are monoclonal antibodies that bind to the CGRP
ligand (Hu et al., 2022; Weatherall, 2021). Fremanezumab can be administered either monthly
or quarterly, providing greater flexibility in treatment (Weatherall, 2021). Galcanezumab
is administered once monthly, with a loading dose at the initiation of therapy (Hu et al., 2022).
Both agents are administered subcutaneously and exhibit similar pharmacokinetic properties
(La Rocca et al., 2023; Weatherall, 2021).

Eptinezumab, similarly to the other monoclonal antibodies that bind the CGRP ligand,
is administered differently - via intravenous infusion at 12-week intervals (McAllister et al.,
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2022). This route of administration allows for rapid attainment of therapeutic plasma
concentrations, which translates into a fast onset of action (Apelian et al., 2022; McAllister
etal., 2022).

Despite a shared therapeutic target, anti-CGRP monoclonal antibodies differ in several
practical aspects of their use (Ashina, Goadshy, et al., 2021; Weatherall, 2021). Erenumab,
as the only agent that blocks the CGRP receptor, exhibits a distinct adverse event profile
compared with other anti-CGRP antibodies (Dodick et al., 2025). Fremanezumab
is characterized by flexible dosing options, whereas eptinezumab is distinguished by its
intravenous route of administration and rapid onset of action (Apelian et al., 2022; McAllister
et al., 2022; Weatherall, 2021). These differences may influence treatment selection and serve
as an important consideration in the evaluation of the efficacy and safety of anti-CGRP
therapies (Quintana et al., 2022).

3.4 Clinical efficacy of anti-CGRP therapy

The efficacy of monoclonal antibodies targeting the CGRP pathway has been widely
documented in clinical studies. Their use is associated with a significant reduction
in the number of monthly migraine days, which represents a key goal of preventive treatment
(Ashina, Goadsby, et al., 2021; Weatherall, 2021). Studies involving erenumab, fremanezumab,
and galcanezumab indicate that a substantial proportion of patients achieve a clinically
meaningful improvement, defined as a reduction in monthly migraine days of at least 50%. In
some analyses, even higher response rates have been observed, further supporting the high
efficacy of this therapeutic class (Driessen et al., 2022; Hu et al., 2022; Reuter et al., 2022).
Anti-CGRP monoclonal antibodies have also demonstrated efficacy in patients with chronic
migraine and in those who did not respond to previous preventive treatments. In these
populations, significant reductions in the number of migraine days, as well as improvements in
daily functioning, have been reported, highlighting their value in treatment-resistant patients
(Lipton et al., 2025; Pozo-Rosich et al., 2024). Long-term studies, including those involving
erenumab, indicate that the therapeutic effect is maintained over time without significant loss
of efficacy. Sustained reductions in attack frequency have been observed during prolonged
treatment, which is particularly important in the management of a chronic condition such as
migraine (Reuter et al., 2024).

Beyond the reduction in attack frequency, anti-CGRP therapy also has a beneficial
impact on patients’ quality of life. Studies involving galcanezumab have demonstrated

a reduction in pain intensity and a decreased impact of the disease on daily functioning
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(La Rocca et al., 2023; Lipton et al., 2023). Furthermore, this treatment is associated with
a reduced need for acute medication, including drugs used for the termination of migraine
attacks (La Rocca et al., 2023).

Another important aspect is the rapid onset of action. In the PROMISE-2 study,
the preventive effect of eptinezumab was observed early in the course of treatment, with
a significant reduction in migraine frequency already evident from the first day after
administration. This was further confirmed by a lower proportion of patients experiencing
migraine on the day following infusion (Lipton et al., 2020).

Data from real-world clinical practice confirm that the efficacy observed in randomized
trials is reflected in everyday clinical settings. A significant and sustained reduction
in the number of migraine days, as well as improvements in quality of life, have been reported,
including in patients with previous treatment failures (Buse et al., 2023; Dodick et al., 2025).
Available evidence suggests comparable efficacy among anti-CGRP monoclonal antibodies,
with observed differences having limited clinical relevance. In clinical practice, this
underscores the importance of individualized treatment and tailoring therapy selection

to the characteristics of each patient (Quintana et al., 2022).

3.5. Safety profile

Monoclonal antibodies targeting the CGRP pathway demonstrate a favorable safety
profile, as evidenced by both clinical trials and analyses conducted in real-world settings
(Barbanti et al., 2025; Mascarella et al., 2024; Reuter et al., 2022). Real-world data indicate that
anti-CGRP monoclonal antibodies are generally well tolerated, with adverse events typically
being mild in nature (Mufioz-Vendrell et al., 2023). Importantly, their favorable safety profile
appears to be maintained over time and is not associated with a significant increase in the
frequency of adverse events (Barbanti et al., 2025; Lo Castro et al., 2025).

Observational studies have reported that adverse events include constipation, dizziness,
and injection site reactions (Mufioz-Vendrell et al., 2023). In the case of erenumab, constipation
has been identified as one of the more common adverse events and may occur more frequently
than in the placebo group (Yu et al.,, 2022). Eptinezumab, administered intravenously,
is associated with a distinct safety profile, primarily related to the risk of hypersensitivity
reactions during infusion, such as flushing, rash, or pruritus. These events are generally mild to
moderate in severity and tend to resolve spontaneously, while the incidence of serious adverse

events remains low and comparable to placebo (T. R. Smith et al., 2021).
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Despite the overall good tolerability of these therapies, data on the safety of anti-CGRP
monoclonal antibodies remain limited in specific populations, such as pregnant women, elderly
individuals, and patients with severe cardiovascular diseases (Cohen et al., 2022; Yang et al.,
2025).

4. Discussion

Monoclonal antibodies targeting the CGRP pathway represent a modern option for
migraine prevention, with particular relevance for patients in whom previous treatment
strategies have been ineffective or poorly tolerated (Barbanti et al., 2025; Mufioz-Vendrell et al.,
2023). Their therapeutic effect is based on modulation of one of the key pathophysiological
mechanisms of migraine, allowing for a more precise intervention compared with traditional
preventive treatments (Wattiez et al.,, 2020). Clinical trial results and real-world data
consistently demonstrate a significant reduction in migraine attack frequency and an
improvement in patient functioning, while maintaining a favorable safety profile (Buse et al.,
2023; Mufioz-Vendrell et al., 2023). Available analyses also suggest no significant differences
in efficacy between individual agents, which highlights the importance of an individualized
approach to treatment selection (Quintana et al., 2022).

On the other hand, several limitations of the current evidence should be considered,
including the relatively short duration of follow-up and the insufficient representation
of specific patient populations (Lo Castro et al., 2025; Yang et al., 2025). Additionally,
the heterogeneity of available studies, resulting from differences in study design, inclusion
criteria, and applied endpoints, may hinder direct comparisons of the efficacy of individual
agents (Quintana et al., 2022). Another important limitation of anti-CGRP therapy is its high
cost and the associated restrictions in treatment accessibility, which influence patient eligibility
criteria and reimbursement policies (A. Smith et al., 2024). Consequently, further research
should focus on the evaluation of long-term safety and the identification of factors determining
treatment response, which may support the development of more individualized therapeutic
strategies (Lo Castro et al., 2025).

5. Conclusions

Monoclonal antibodies targeting the CGRP pathway represent a modern and effective
option for the preventive treatment of migraine, with particular benefit for patients in whom
previous therapies have been ineffective or poorly tolerated. Their mechanism of action, based
on selective modulation of key elements of migraine pathophysiology, translates into
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a significant reduction in attack frequency and improvement in patient functioning. Available
data indicate comparable efficacy among individual agents, highlighting the importance
of individualized treatment selection based on patient-specific clinical characteristics. Despite
their favorable safety profile, further data are required to assess long-term use and their

application in specific patient populations.
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